INTRODUCTION
Although renin has been found in the pregnant uterus of rabbits (1) , dogs (2) , and humans (3), and demonstrated to be synthesized in tissue culture by both myometrial and endometrial cells (4) , its role in the physiology of pregnancy remains unknown. It seems unlikely that it is the source of the high plasma renin activity (PRA)1 of pregnancy since uterine renin, at least in the rabbit, does not respond to changes in extracellular fluid volume (5) whereas aldosterone secretion during pregnancy responds appropriately to changes in sodium intake (6) . One hypothesis is that uterine renin functions as a regulator of uterine blood flow. In an attempt to evaluate this possibility, experiments were carried out in pregnant nephrectomized rabbits to define the relationship between changes in uterine blood flow and uterine renin secretion. The results indicate that a reduction in uterine blood flow by either hemorrhage or uterine artery ligation increases uterine renin secretion, and angiotensin increases uterine blood flow through stimulation of the beta adrenergic nervous system.
METHODS
Australian white rabbits were utilized between the 24th and 28th day of gestation. 24 hr before the experiment, a bilateral nephrectomy was carried out and the animals kept without food or water. In all experiments the animals were anesthetized with Nembutal, a midline neck incision was which most of the fetuses were not alive at the completion of the experiment were discarded. In the few experiments where uterine and placental blood flows were calculated of two determcna-when fetal death was evident, counts in the placenta were s a percentage of less than 1% of the injected amount during both control and low is plotted on experimental periods, indicating that the fetal death had ed within 1 mm is probably occurred before the start of the experiment.
The uterine arteries and veins were exposed through a low abdominal incision. Samples of blood (4 ml), obtained from uterine vein and carotid artery for renin determinaventricular pres-tions, were replaced with equal volumes of Albumisol.
ge, ( Statham In-PRA was measured by a modification of the method of rded on a Sanborn Pickens, Bumpus, Lloyd, Smeby, and Page (7, 8 A 0.25 ml solution of microspheres containing 0.01 ACi/ml was diluted with 10% dextran to a volume of 2.5 ml in a plastic syringe. Next, 2 ml was injected into the animal and the remaining 0.5 ml was diluted with 9.5 ml 10% dextran and counted in a Packard auto-gamma counter (Packard Instrument Co., Downers Grove, Ill.) The radioactivity remaining in the syringe following the injection was subtracted from the total. Cardiac output was measured before and after each injection of microspheres. After completion, of the experiment, the uterus and placentas were removed, weighed, and digested in concentrated HCL. The radioactivity in a portion of the uterine and placenta digest was determined. 'Sr was counted at the 0.510 Mev peak and 1"Ce was counted at the 0.145 Mev peak. No correction was necessary for the 'Sr counts but 15% of the 'Sr counts was subtracted to obtain the true "4Ce counts. The percentage of the total counts injected which lodged in the uterus and placenta was calculated and uteroplacental blood flow expressed as a percentage of cardiac output. No radioactivity was detected in the fetuses or uterine vein after the injection. Absolute uteroplacental blood flow, ml/min per 100 g, was calculated from the cardiac output. Table  I and Fig. 2 .
Angiotensin infusion. Angiotensin (10 ng/kg per min) caused a slight but insignificant rise in arterial pressure from 102±7.3 to 110±7.5 mm Hg with no change in cardiac output, 690±29 before and 707±51 ml/min after angiotensin. Uteroplacental blood flow significantly increased during angiotensin from 4.1 to 8.4% of cardiac output (P <0.005) and absolute flow from 37±7.1 to 73+10 ml/100 g per min (P <0.001). NS   NS   321  600  3200  310  960  1300  652  1300  2800  480  2000  2400  590  1100  3000  484  420  1600  469  680  800  468  1009  2300   ±56  ±t200  ±350   <0.0 1   816  800  1200  461  400  2100  350  320  1600  540  1280  1360  285  240  480  230  400  480  469  320  3200  659  640  1300  249  160  320  298  200  240  383  800  2600  450  774  1730  ±48  4252  ±433  <0.001   100  480  480  640  80  1100  480  320  400  720  160  800 angiotensin caused a rise in relative, 3 .09+0.51 to 6.14 +1.1% (P < 0.025), and absolute, 22 .5+4.4 to 47±-10.7 ml/min (P < 0.05), uterine blood flow. In six intact animals given propranolol, uterine flow was 5.2±1% before and 4.6±0.84% after angiotensin.
Norepinephrine infusion. In six experiments in which norepinephrine (500 ng/min) was infused, there was no significant change in arterial pressure or cardiac output. The mean fall in cardiac output from 741 ±65 to 651±41 ml/min is due primarily to the large fall which occurred in experiment 5 vein although the changes are significant only in uterine vein (P < 0.05).
Isoproterenol. Isoproterenol, 0.5 ug/min, caused a small but insignificant reduction in mean arterial pressure from 94 to 86 mm Hg with no significant change in cardiac output. Uteroplacental blood flow increased from 3.5 to 6.4% of cardiac output (P < 0.02) and absolute flow from 25+5 to 51+12 ml/100 g per min (P < 0.05) (Fig. 3) . No significant change in PRA occurred during isoproterenol.
Uterine artery ligation. After bilateral uterine artery ligation, blood flow is maintained through the circular collateral system involving the ovarian arteries. After ligation there was a significant fall in both arterial blood pressure, 1 14+6.3 to 90±4.6 mm Hg (P < 0.01), and cardiac output, 645+28 to 468+57 ml/min (P < 0.005). This finding is unexplained. There was little blood loss or dissection during the ligation procedure. Uteroplacental blood flow fell from 4.7+0.5 to 1.95 -+-0.3% (P < 0.001) of the cardiac output and absolute flow from 30.8 to 8.8 ml/100 g per min (P < 0.001). 30 min after ligating the uterine arteries PRA had increased significantly in both uterine vein, 1436±234
to 4430±800 (P < 0.001) and carotid artery, 1009±200 to 2300±350 (P < 0.001). The rise in carotid artery PRA would indicate that absolute uterine renin secretion increased during the period of ligation. In spite of the reduction in flow the fetuses were viable at the completion of the experiment.
Hemorrhagic hypotension. Following hemorrhage mean arterial pressure fell from 103±6 to 72±0.5 mm Hg (P < 0.001) and cardiac output from 664±58 to 450±48 ml/min (P < 0.001). With (11), utilizing radio.-active microspheres, has recently reported uterine blood flow in rabbits to be 27 ml/min, slightly lower than in our experiments. Barcroft and Rothschild, by total collections from uterine veins. found uterine blood flow in rabbits to be 30 ml/min after the 24th day of gestation (12) .
The experiments we report demonstrate that in the nephrectomized pregnant rabbit alterations in uterine blood flow are associated with large changes in uterine renin secretion. With reduction in flow induced by either uterine artery ligation or hemorrhage, there was a striking rise in uterine renin secretion with an increase in uterine vein and carotid artery PRA. Since arterial PRA differences have not been demonstrated, carotid PRA would be similar to uterine artery PRA.
Although extrarenal sites of renin other than uterus have been described (13, 14) , the high concentrations of renin in pregnant rabbit uterus, higher PRA in uterine vein than carotid artery, and three-to fourfold rise in uterine vein PRA after uterine artery ligation or hemorrhage, makes the uterus the evident source of renin in the nephrectomized pregnant rabbit. A rise in PRA has been found after sustained hemorrhagic hypotension in nonpregnant dogs (15) , but we were unable to demonstrate any rise in PRA in nephrectomized nonpregnant rabbits maintained hypotensive for up to 1 hr. In the nephrectomized dog the rise in PRA occurs only after 4-6 hr of severe hypotension when necrosis of blood vessel walls is thought to have occurred. The present experiments were carried out in rabbits since Uterine Blood Flow and Uterine Renin Secretion uterine renin concentration, similar to renal renin, is higher in rabbits than in other species (16) .
There was a wide range of values of PRA in pregnant rabbits following nephrectomy and the levels did not correlate with control uterine blood flow or blood pressure. A similar wide variability in PRA has been described in pregnant dogs (17) and humans (18) . Differences in substrate concentration known to be elevated with pregnancy might in part account for the variability. In contrast, PRA 24 hr after nephrectomy in the nonpregnant rabbit is virtually undetectable (5) .
No explanation of the higher PRA in carotid artery than uterine vein in seven animals is apparent, but in onlv two of these animals did carotid PRA remain higher than uterine vein PRA in the experimental period. Similar findings have been described under basal conditions when comparing renal A-V PRA differences (19, 20) .
Whether uterine renin is identical with renal renin or represents an isoenzyme is not clear. Molecular weights determined by gel filtration are the same and the enzymes are identical with respect to mobility on disc electrophoresis but small (Michaelis constant) Km differences have been demonstrated (21) . From a physiological standpoint this difference has little significance since both generate angiotensin from endogenous substrate. Although renin substrate concentrations were not measured in the present studies, the changes in PRA were too rapid and the differences in PRA across the uterus too large to be explained by changes in substrate concentration.
Although angiotensin has a variable vasoconstrictor effect upon various vascular beds, vasoconstriction being most potent in the vessels of the skin, splanchnic region, and kidney, with less effect in skeletal muscle and heart (22) , the present finding of vasodilatation in uterine circulation with angiotensin is unique. A similar rise in uterine blood flow with a pressor dose of angiotensin has been reported in pregnant dogs and ewes when measured by electromagnetic flow probes (23) . In contrast, norepinephrine caused no change in uteroplacental blood flow and slight but insignificant increases in uterine vascular resistance. The fact that the increase in uterine blood flow with angiotensin was blocked by propranolol indicates that angiotensin stimulates beta adrenergic fibers in the uterus. The effect of angiotensin in certain vascular beds is known to be dependent upon the autonomic nervous system (24) (25) (26) . In the hand and foot, vasoconstriction with angiotensin is due mainly to its sympathetic effect and is suppressed by alpha adrenergic blocking drugs. In vitro the effect of angiotensin on guinea pig ileum is enhanced by anticholinesterase drugs and diminished by atropine (27) .
The uterus has a rich autonomic innervation (28) and pharmacological studies have confirmed the presence of alpha and beta receptors in human uterus (29) . Previous studies of the effect of sympathetic activity have involved measurements only of myometrial contractility. The increase in uterine blood flow with isoproterenol with no change in cardiac output confirms that beta adrenergic stimulation causes vasodilatation in the uterus.
In spite of the increase in uterine renin secretion after uterine artery ligation, there was a consistent fall in blood pressure and cardiac output. Conceivably, uterine ischemia results not only in the release of renin but also a vasodilator such as a kallikrein or prostaglandin. Humanmenstrual fluid and uterus contain prostaglandins but whether they are released into the circulation has not been investigated (30) . Release of a kallikrein from an ischemic uterus or placenta could result in hypotension in the present experiments and in toxemia, activate intravascular coagulation which has been postulated to be the cause of the glomerular changes (31) . Whether the uterus contains kallikrein is not known.
During hemorrhage, blood flow to the uterus was relatively maintained. Although absolute values fell because of the fall in cardiac output, the percentage of cardiac output to the uterus remained constant. Maintenance of uterine blood flow during hemorrhage could be due to elevated angiotensin, since uterine and renal renin release would, if the effect is similar to an angiotensin infusion, increase uterine blood flow. This preservation of uterine blood flow with hemorrhagic hypotension, if it occurs in women, could be a factor in the development of acute renal failure during pregnancy.
The role uterine renin plays in hypertensive states of pregnancy is speculative. Human uterus and amniotic fluid contain renin, but whether it is released with reduction in uterine blood flow is unknown. The only study in which A-V differences were obtained in toxemic women at the time of cesarean section demonstrated higher renin concentration in uterine vein than in uterine artery (32) . However, the differences and the number of patients studied were small. PRA and aldosterone excretion fall with the onset of toxemia (33, 34) , but salt retention and increased sensitivity to angiotensin similarly occur (35) . The recent finding (36) that angiotensin receptor-site affinity increases in response to salt loading might be an explanation for the increased sensitivity to angiotensin which occurs with the development of toxemia. The initiating event might be sodium retention secondary to reduction in glomerular filtration rate from the glomerular pathology of toxemia which is not dependent on the development of hypertension (37) . Persistent uterine renin secretion under these circumstances might result in hypertension. The reduction in the incidence of toxemia by the use of diuretics would point to salt retention being an important feature in the development of the disease.
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